ABSTRACT his paper deals witU a new 48-degrees-of-freedom rectangular finite element for analysing moderately thi(:k, multilayered composite plates. The formulation is based on a kinematics which allows one to exactly ensure the continuity <londitions for the displacements, and the t~ansverse str~sses at the interfaces between the layers of a laminated structure and zero s1lress conditiQns at the top and bottom surfaces of the plate. The shear correction factors are not requir~d in the formulation, as the transverse shear deformations are defined using trigonometric 'runctions that are of higher order. The effectiveness of the element is tested against standard problems concerniI\g statics, vibration and buckling, for which exact threedimensional/numerical solutions areiavailable.
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ofthos'e developed earlier for homogeneous isotropic and orthotropic plates and employ a displacement field which does ndt satisfy continuity requirements at the interfaces of the composite laminates. Exhaustive overviews on this topic can be found from the work of Noor and Buronl, and Kapania and Racita2. A refined computational model has been presented by Reddy3. Many higher order shear deformation theories4-6 have been proposed for achieving the continuity requirement at the interfaces and satisfying the stress conditions at the top and bottom surfaces. Recently, an efficient plate theory based on a new kinematics utilising trigonometric functions has been outlined by Touratier7 .
The increased use offibre-reinforced composites as structural m4mbers in aerospace, nuclear and marine engine~rfng has resulted in several studies, such as struct!.1ral modelling, failure and damage assessment of. comRosite materials. The research in these areas i's increasing for tpe past few decades. Owing to the difficulti~'s in obtaining the solution of three-dimensional problems with general boundary conditions, theret is a grolwing appreciation of the importance of deyefoping some approximate two-dimensional theories and t~e solutions. Since the solutions based, on 'analytical methods are not always feasible, numerical procedures like finite element method .are preferred. The aim of the present work is to develop a new eight-noded rectangular plate element for the analysis of composite laminates based on the theory proposed by Touratier, incorporating the Many of the existing methods of analyses fom ultilayered anisotropic plates are direct ex~enslons Revised 26 July 1999 following features !;(z;) = h/7f'sin (1lZ/h) -(h/7f)bss cas (1lZ/h) (a) A higher-order shear deformation distributions using trigonometric functions without shear correction factors~( i=I,2,,3,4;k=I,2,3,...,N (2) ! where N is the nu~ber of laye~s of the multilayered structure, h is the total thickness of the laminate, 1t is equal to 3.141592} and b44, bss' o;(k), d;(k) are coefficients to beidetennmed from contact conditions for displacements and strFs~es between the layers and from the boundary conditions on the top and bottom surfaces of the plate. The ~etails of these I coefficients can be found from the wqrk ofTouratier7, and Beakou and Touratier8. A laminated coli11posite plate is considered "(ith the coordinates x, y along the in-plane directions and z along the thitkness direction, respectively. Using formulation based on shear flexible theory, the displacements in kth layer U(k), V(k) and W(k) at a point (x, y, z) from the median surface are expressed as functions of mid-plane displacement u, v, wand independent rotation Ox and Oy of normal in xz and yz planes, respectively as The mid-plane straips { eO} , bending 'strains {X},{ro} {due to lower'and highe\-order terms involved in defining the kinematics, Eqn (I)}, and shear strains {1'} in E~n (3) are wri~en as t ( ,
If {N} represents the ~e"1brane stress resultants .
Similarly, the transverse shear stress resultants {Q} repr~senting the quantities (Qxr Qyz) are related to the traAsverse { t} strains through the constitutive relation as I , I Eor a composite laminate of thickness (h), consisting of N layers with stacking angle tjJk(k=1,2,3 ,N) the layer thickness (h'J the necessary expressions for computing the reduced stiffn~ss coefficients of ([Qp] . The different ma~rices involved in Eqns" (5) and (6) Fig.  1 . The figure  I .
shows that the element is free from locking syndrome. The coefficient in the stiffness and mass matrices can be rewritten as the product of term having thickness coordinate z alone and the term containing x and y. In the present study, while performing the integration for the evaluation of the stiffness and mass coefficients, terms having thickness coordinate z are explicitly integrated, whereas the terms containing x and yare evaluated using full integration with 4 x 4 points Gauss integration rule.
ELEMENT DESCRIPTiQN The properties of the skin or the olJter layers can be obtained using the'modular ratio C that is defined as the ratio of m~duli, of skin to core of the laminate. By varying the modular ra,io C ( =1, 10, 15,50), one can achieve a homogenous brthotropic plate (C= 1) to ~fairly sandwich'-like platb (C = 50).
The values for th~ normalised transverse displacement (W) are compartd with the exac~ three-dimensional analytical solut~on of Srinivas, and Raolo and the numerical solutions obtained u~ing 20~20 mesh in stan1dard software (ABAQUS, ANSYS) in Table I .
It is evident that the present result~ are ih agreement with those of the exact analytic~1 solutions. are same as above. The value of C is assumed as 10. The results evaluated for Ware shown along with the exact three-dimensional analytical 10 and nu'merical solutions using 20 x 20 mesh in standard software (ABAQUS, ANSYS) in Table 2 . It"can be noted that the present results are in agreement with those of the exact analytical solutions. The material properties assumed here are: E,= 25 GPa, E2=1.0 GPa, , 012= 0.5 GPa, G1J= 0.5 GPa, G2J= 0.25 GPa, Y12= 0.25 GI2(2)-Sfiear modulus.of core 
FREE VIBRATION ANALYSIS
Vibration of Simply Supported Square Sandwich Plates "The data tor geometry and material are assumed to be same as those for static analysis, case 4.1.1.
The fundamental frequency parameter {Q) calculated here by varying the modular rati9 C {=1,2,5, 10, and 15) is reported in Table 4 All layers are assumed to be of equal thickness. The material properties considered here are: E)=40 GPa, E2=1.0 GPa, .GI2=0.6 GPa. GI3=0.6 GPa, G23=0.5 GPa, 'Y12=0.25 I
The free vibration analysis is carried out considering the different values for thickness ratio (a/h) and varying the number of layers and the results are presented in Table 5 
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The data for geometry and material are the same as those givjen for static analysis, case 4: 1.1. The buckling pa"ameter, N" xcr isi evaluated usi,ng the present formulation by varying the modular ratio C (=I, 2, 5, 10, and 15). The results are described in Table 6 along with those of exact three-dimensional values of STinivas and Rao and 
